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Episodic Rainfall Influences the Distribution and Abundance of the 
Regular Sea Urchin Lytechinus variegatus in Saint Andrew Bay, 
Northern Gulf of Mexico 
s. ANNE BoTTGER, LARRY E. THoMPsoN, STEPHEN A. WATTs, JAivms B. McCLINTocK, 
AND jOHN M. LAWRENCE 
The distribution and abundance of Lytechinus variegahts (Lamarck) were deter-
mined at three shallow-water stations in Saint Andrew Bay, FL, in the northern 
Gulf of Mexico. Populations were monitored at 4-mo intervals from Aug. 1997 to 
Aug. 1999 along 2- X 10-m transects, with four transects at each station. In Aug. 
1997 individuals ranged in size from 15- to 63-mm diameter (mean = 38 mm; 
density= 1.4 individuals (ind.) m-2) at Station 1 (Stations 2 and 3 were not sam-
pled on that date). By Oct. 1997 individuals at Station 1 ranged in size from 26 
to 62 mm (mean = 48 mm; density = 0.6 ind. m-2), suggesting the growth of 
individuals within the population. At Station 2, individuals ranged between 50 and 
70 mm (mean = 59 mm; densities = 1.0 ind. m-2) and at Station 3 between 30 
and 79 mm (mean= 51 mm; densities = 1.4 ind, m-2) in Oct. 1997, indicating a 
population with no recent recruits. A mass mortality event was observed in April 
1998 and was attributed to reduced salinities resulting from above-average rainfall 
in the previous month. Sea urchins were absent at Stations 1 and 2, whereas at 
Station 3 postdisturbance recruits were smaller (mean = 28 mm) and densities 
lower. Sea urchin tests were also observed at beach stations proximate to Stations 
1 and 2. By July 1998 the populations had partially recovered at Stations 2 and 3 
(densities = 0.6 and 1.1 ind. m-2, respectively), but test diameters were small at 
both stations. Test diameters had increased in Dec. 1998 at Station 3 when com-
pared with those of July, but individuals at Station 2 showed overall smaller test 
diameters (mean = 28 mm), and densities had decreased again, presumably after 
another mass mortality caused by another major rainfall in Sep. In April1999 test 
diameters had decreased further at Stations 2 and 3, indicating emigration or 
death of larger animals. We suggest that the shallow-water Saint Andrew Bay pop-
ulation of L. variegahts is reduced for several years at a time by episodic heavy 
rainfalls. This observation emphasizes the importance of density-independent 
processes controlling the distribution and abundance of marine organisms. 
Regular sea urchins are ilnportant members of epibenthic communities regulating 
macrophytic (Lawrence, 1975a; Ebert, 1977; 
De Ridder and Lawrence, 1982; Lawrence and 
Sammarco, 1982; Harrold and Pearse, 1987) 
and faunal production and diversity (Paine 
and Vadas, 1969). Substantial increases in sea 
urchin populations can have pronounced ef-
fects on community structure (Moore and Mc-
Pherson, 1965; Camp et al., 1973; Mann, 1977; 
vVhitman et al., 1982; Valentine and Heck, 
1991; Macia and Lirman, 1 999). Similarly, de-
creases in sea urchin populations, such as 
those observed during mass mortality events, 
can result in equally marked changes in com-
munity structure (Lang and Mann, 1976; Ebel-
ing et al., 1985; Scheibling, 1986; Lessios, 1988, 
1995). Mass mortalities in regular sea urchins 
have been related to a variety of different bi-
otic and abiotic factors (for review see 
Lawrence, 1 996), including disease (Pearse et 
al., 1977; Lessios et al., 1984; Scheibling and 
Stephenson, 1984; Hagen, 1992), desiccation 
through aerial exposure (Glynn, 1968; Yama-
guchi, 1 975; Junqueira et al., 1 997), extreme 
temperature changes (Crisp, 1 964; Ziegel-
meier, 1964; Glynn, 1968; Rivera, 1978; Imafku 
and Imaoka, 1983; Beukema, 1985; Bedding-
field and McClintock, 1994; Junqueira et al., 
1997), and low salinities (Goodbody, 1961; Al-
lain, 1975, 1977; Lawrence, 1975b; Greenway, 
1977; Irlandi et al., 1997). 
The regular sea urchin Lytechinus variegatus 
ranges from North Carolina to Brazil, occur-
ring in a variety of shallow-water habitats (Ser-
a:£)', 1979). In Saint Andrew Bay and in some 
of the neighboring bays in the northern Gulf 
of Mexico, L. variegatus often occurs in seagrass 
beds of Thalassia testudinum and on sand bot-
tom habitats that are not vegetated (Bedding-
field and McClintock, 2000). In these near-
shore habitats, physical factors may have a 
© 2002 by the 1\Jarine Environmental Sciences Consortium of Alabama 
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Fig. l. Location of the study sites in Saint Andrew Bay, FL, showing the sea stations (l-3) used to 
examine the sea urchin population within the bay and displaying the beach stations (A-C) used to determine 
the effects of mortality in April 1998. 
greater hnpact on the abundance of L. varie-
gatus than on those living in deep-water habi-
tats (Watts et al., 2001). The initial o~jective of 
this study was to document the population 
structure of L. variegatus at several sites in Saint 
Andrew Bay over a period of 2 yr. During this 
period several above-average rainfalls oc-
curred, thereby reducing salinities and result-
ing presumably in two mass mortality events. 
Thus, we were able to observe the population 
decline and recovery that followed these cata-
strophic mortalities. 
MATERIALS AND METHODS 
Site descriptions.-Saint Andrew Bay is located 
along the northern boundary of the Gulf of 
Mexico and includes a variety of different hab-
itats. Three shallow-water stations (1- to 1.7-m 
depth, Fig. 1) were selected on the basis of 
their differences in vegetation and proximity 
within the bay (Table 1). Three beach stations 
acljacent to shallow-water stations were chosen 
to document the occurrence of sea urchin tests 
after the mortality events. 
Population analysis.-Sampling was conducted 
between Aug. 1997 and Aug. 1999. Densities 
and test diameters (measured at the ambitus) 
of L. variegatus were recorded at each station 
three times per year for 2 yr along four 2- X 
10-m transects. Transects were perpendicular 
to the shoreline. Stations 1 and 2 were ca. 50 
m offshore, whereas Station 3 was ca. 10 m 
frmn the shoreline. Densities were recorded as 
individuals (incl.) m-2• Size frequencies were 
calculated and recorded as the percentage of 
the total population at a particular station. 
Small individuals with a test diatneter below 20 
mm were considered to be recruits (Junqueira 
et al., 1997). In April 1998 a mass mortality 
occurred in the bay, resulting in the disap-
pearance of L. variegatus frmn all stations ex-
cept Station 3. At this point, two beach stations 
proximate to Stations 1 and 2, respectively 
(Fig. 1), were chosen. At Station 3 the beach 
TABLE l. Vegetation structure of three stations used for determination of the population size frequency 
and density of Lytechinus variegatus in Saint Andrew Bay, FL. Stations were selected for their location, veg-
etation, and presence of L. vmiegatus at no more than 3-m depth. 
Station 
Station 1 
Station 2 
Station 3 
Vegetation 
Sand patches mixed with beds of Thalassia testudinum 
Sand patches mixed with beds ofT. testudinum and Syringodium filiforme 
Thick beds of T. testudinum 
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station was located on the property of a gov-
ernment military installation (Tyndall Air 
Force Base) and could not be investigated (re-
quest for access was denied). Size frequencies 
and densities of empty tests were determined 
along four 2- X 10-m transects at beach sites B 
and C, parallel to the tidemark. 
Water salinity (ppt) and temperature (C) 
were measured at each shallow-water station 
on each smnpling date. Additional seawater 
temperature and rainfall recordings for Saint 
Andrew Bay were obtained from the National 
Climate Data Center (Saint Andrew Bay Sta-
tion # 86842). 
Statistical analyses.-Preceding all statistical 
analyses were assessments of the assumptions 
of normality (Kolmogorov-Srnirnov test) and 
homosceclasticity (Spearman-Rank correla-
tion). Size-frequency distributions were com-
pared using a contingency table followed by 
Student's t-test analyses. Sea urchin densities 
were analyzed using a two-way ANOVA on 
ranks followed by a Tukey test for pairwise 
multiple cmnparisons to examine variations 
through time and anwng stations (Zar, 1996). 
Statistical significance was determined at the P 
< 0.05 level. 
RESULTS 
Population size-frequency distributions var-
ied both spatially and temporally. At Station 1, 
located closest to the mouth of the bay, sea 
urchin dian1eters ranged between 15 and 63 
mm (mean= 38 mm; densities= 1.4 incl. m-2) 
in Aug. 1997 (Fig. 2A). In Nov. 1997 the sea 
urchin diameters had increased significantly, 
ranging between 20 and 69 mm (mean = 48 
mm), whereas the densities (Fig. 3) had de-
clined by more than half (0.6 incl. m-2). No 
recruits were found in this population in Nov. 
1997. In April 1998 sea urchins were not found 
at Station 1 (corresponding with reduced salin-
ities resulting frmTr recent above-average rain-
fall), but high densities (average = 45 incl. 
m-2) of dead sea urchins were found at Beach 
Station A at the tidemark. Diameters of empty 
tests (Fig. 4) were similar to the test diameters 
of live sea urchins in Nov. 1997 (31- to 70-nun 
test clianreter) at Station 1. Densities of dead 
L. variegatus were 45, 3.5, and 3.05 at Beach 
Stations A, B, and C, respectively. Individuals 
were no longer found at Station 1 after April 
1998. 
At Station 2, sea urchins ranged in diameter 
between 50 and 70 mm (mean = 59 mm; den-
sities = 1.0 incl. nr2) (Fig. 2B) in Nov. 1997. 
In April 1998 no living sea urchins were found 
at Station 2, and empty tests were found on 
Beach Station B (3.5 empty tests m-2) (Fig. 1). 
The diameters of the tests on the beach were 
smaller (Fig. 4) than those found at Station 2 
during the previous collection. Sea urchins re-
appeared in July 1998, but densities (0.6 incl. 
m-2) were significantly lower than they had 
been in Nov. 1997 (Fig. 3). Test diameters 
ranged between 28 and 55 mm (mean = 45 
mm) and were significantly smaller than those 
reported in Nov. 1997. Densities of sea urchins 
declined significantly from July to Dec. 1998 
and even further in Aprill999 (0.15 incl. m-2). 
Test diameters did not increase from July to 
Dec. 1998 and clecreasecl significantly by April 
1999 (mean= 28 mm). 
At Station 3, located furthest from the 
mouth of the bay, populations maintained the 
highest overall densities during the study. In 
Nov. 1997, at the time of the first collection, 
sea urchin diameters ranged from 36 to 70 mm 
(mean = 51 mm; densities = 1.4 incl. m-2) 
(Figs. 2C, 3, respectively). Test diameters (Fig. 
2C) and densities (Fig. 3) decreased signifi-
cantly in Aprill998 (nrean = 24 mm; densities 
= 0.3 incl. m-2), but inclivicluals, in contrast to 
the other two stations, were still observed. In 
July 1998 test diameters and densities of sea 
urchins had increased (mean = 34 mm; den-
sities= 1.1 incl. m-2) but had not yet recovered 
compared with those of Nov. 1997. In Dec. 
1998 densities were similar (1.0 incl. m-2) to 
those of the previous collection, but test di-
ameters had increased significantly (mean = 
52 mm). On the final sampling elate (April 
1999) size frequencies showed a wider distri-
bution than at any previous time, with diame-
ters ranging fronr 15 to 63 mm (mean = 37 
mm), suggesting a recruitment event had oc-
curred recently. Sea urchin densities (1.4 incl. 
m-2) were similar to those of Nov. 1997. 
Seawater temperatures (Table 2, historical 
data in Fig. 5) at all three stations ranged from 
16.5 (April 1999) to 28 C (Aug. 1999). Salini-
ties (Table 2) ranged from 16 (Aug. 1999) to 
41.5 ppt (Dec. 1998). During the mortality 
event in April 1998, salinities decreased signif-
icantly to 19 ppt at Station 1. Salinities in-
creased significantly in July 1998 (maximum = 
41 ppt) and remained stable until April 1999. 
Rainfall recordings (Fig. 6) for Saint Andrew 
Bay corresponclecl to these changes in salinity. 
Rainfall totals ranged from 9 to 23 em 
nwnthly (Fig. 6). Unusually high rainfall was 
recorclecl in March 1998 (54 em) and again in 
Sep. 1998 (74 em). These tropical storms re-
sulted in reductions in bay salinities. 
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Fig. 2. Size-fi-equency distributions of L)'lechinus vnriegntus at three study sites in Saint Andrew Bay sep-
m·ated into (A) Station l, located close to the mouth of the bay, (B) Station 2, located along the main body 
of Shell Island, and (C) Station 3, located on Devil's Point around Tyndall Air Force Base. 
DISCUSSION 
Population dynamics of L. va.riegatus in Saint 
Andrew Bay are determined by physical fac-
tors, location in the bay, population movement 
patterns, and recruitment. Population densi-
ties changed over the course of the study. 
These were correlated, in part, to the mortality 
associated with reduced salinities in the bay as 
a result of above-average rainfall. They may 
also have been affected by immigration-emi-
gration of the sea urchins. Population densities 
were relatively low compared with those re-
ported for the northern Gulf of Mexico (Val-
entine and Heck, 1991; Beddingfield and 
McClintock, 2000; Rose et a!., 1999) but were 
similar to those reported for the Itajuru Chan-
nel in Brazil (Junqueira et a!., 1997). These 
data suggest the importance of density-inde-
pendent processes in controlling the distribu-
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Fig. 3. Densities of Lytechinus variegatus frmn 
Aug. 1997 (Station 1 only) to Aug. 1999 in Saint 
Andrew Bay. 
tion and abundance of sea urchins found in 
shallow waters. 
The mortality events that occurred in Saint 
Andrew Bay in April 1998 and Sep. 1998 were 
apparently caused by a major decrease in salin-
ities within the bay. March 1998 was character-
ized by heavy spring rains. These rains, in ad-
dition to the drainage of three rivers into the 
bay, caused a significant decline in salinities. 
Stations within the bay were affected differen-
tially. Lytechinus vmiegatus had vanished from 
depths of less than 3 m at Stations 1 and 2, but 
a few individuals were still found at Station 3. 
This suggests that currents and winds led to a 
concentration of freshwater toward the south-
ern part of Saint Andrew Bay (around Station 
1). The lowest salinity (19 ppt) was measured 
at Station 1, the station corresponding to 
Beach Site A, with the highest densities of emp-
ty tests. The salinity was not recorded during 
the actual rain event and may have been much 
lower at that time. In Sep. 1998 the highest 
rainfalls of the 2-yr study period were mea-
sured as a result of a tropical storm that af-
fected the northern Gulf of Mexico. No salinity 
measurements were recorded around the time 
of this tropical storm, but we suggest that the 
60 
50 
10 
0-9 10..19 20-29 30..39 40-49 50-59 60-69 70-79 
Test diameter (mm) 
Fig. 4. Size-frequency distribution of empty tests 
(Lytechinus variegatus) in Saint Andrew Bay in April 
1998 at three different beach sites. The location of 
the beach sites is marked in Figure 1. Densities of 
dead L. variegatus were 45, 3.5, and 3.05 at Beach 
Stations A, B, and C, respectively. 
resulting reduced salinities further decreased 
sea urchin densities. Lytechinus vmiegatus is an 
osmotic conformer and is therefore not able 
to survive salinities below 25 ppt for an ex-
tended time period (Lawrence, 1975b; Roller 
and Stickle, 1993; Lawrence 1996). Echino-
derms lack the ability to osmoregulate because 
of their permeable body wall and the lack of 
an excretory organ (Stickle and Diehl, 1987). 
Lytechinus vadegatus decreases its activity and 
feeding in response to moderately decreased 
salinities (Bishop et al., 1994). 
Lytechinus variegatus at Station 1, located 
close to the mouth of the bay, seemed most 
affected by changes in salinity. Individuals were 
present at this station during the first two sam-
ple dates only. In Nov. various cohorts within 
the population had increased in size, indicative 
of a healthy population. The absence of small 
individuals ( <20 mm) indicated that the re-
cruitment had been minimal around Station 1 
or that recruits from that year were still too 
small to be easily detected. After the mortality 
event in April 1998, the population never re-
covered during the remainder of the study pe-
riod. The reasons for this are not clear because 
TAili.E 2. Temperature (C) and salinity (ppt) data measured for three different stations in St. Andrew Bay, 
August 1997-August 1999. 
~~~~ Nov April July Dec April Aug 1997 1998 1998 1998 1999 1999 
Station 1 Temperature 25 22 20.5 21 24 16.5 28 
Salinity 35 34.5 19 41 41.5 40.5 18 
Station 2 Temperature 21 20 24.75 22 11.5 26 
Salinity 34.5 22 34.5 41 34 18 
Station 3 Temperature 22 20 27.5 24 16.5 25.5 
Salinity 35.5 25 37 35.5 38.5 16 
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Fig. 5. Air temperature recordings for Saint Andrew Bay from 1997-99 as received from the National 
Climate Data Center (Station # 86842). Means ± SD. 
the seagrass beds of T. testudinu.m appeared in 
good condition (Boettger and Thompson, 
pers. obs.). Previous evaluations at this site, sev-
eral years earlier, found an extensive sea ur-
chin population (Watts, pers. obs.). These data 
suggest that the population densities can vary 
annually and that the long-term population 
structure is quite variable in this shallow-water 
habitat. 
Station 2, located along the north side of 
Shell Island, displayed population characteris-
tics similar to those of Station 1 during the 
mortality event, though densities of empty tests 
along the beach sites were significantly lower 
than at Station 1. Station 2 was located within 
a lagoon in Saint Andrew Bay, so minor differ-
ences could be explained by water currents 
and wind patterns. There was a significant 
change in the population structure from Nov. 
1997 to July 1998 at Station 2. In Nov., only 
large individuals above 50 mm in diameter 
were found. In July 1998 most of these large 
80~====================~------------------------------, 
....._Monthly rainfall (1997-1999) 
70 
-o- Menu monthly rainfall (1931-1995) 
60 
50 
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~ 40 
~ 
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Fig. 6. Absolute and historical monthly rainfalls (em) in Saint Andrew Bay as from July 1997 to July 1999 
as recorded by Station # 86842 of the National Climate Data Center. 
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individuals had disappeared (whether as a re-
sult of the mortality event or migration is not 
known) and were replaced by smaller ones. We 
suggest that these small sea urchins immigrat-
ed into the vicinity of Station 2 because the 
sizes were too large for recent recruits. By Dec. 
1998 the average diameter of the population 
had increased, and sea urchins were at least 30 
mm in diameter. In April 1999 the population 
structure had changed again, with most sea ur-
chins being between 20 and 39 mm in diame-
ter. This indicates that large individuals had ei-
ther died or migrated from the area. 
The most stable population within the bay 
was at Station 3. Individuals were found even 
after the salinity reductions in 1998. This site 
appeared to sustain a nursery population. 
Large individuals found in Nov. 1997 were ab-
sent in April 1998. They may have migrated 
into deeper bay waters. The remaining smaller 
individuals continued to grow through Dec. 
1998. Again, in April 1999 the larger animals 
had generally disappeared from the station. 
Recruits were found for the first time together 
with small individuals. Similar associations have 
been documented in L. variegatus by Bedding-
field and McClintock (2000). 
It appears that L. variegatus in Saint Andrew 
Bay migrate from shallow nursery areas into 
deeper waters or different sites after reaching 
between 50 and 69 mm in diameter. Saint An-
drew Bay is not as heavily populated as the 
nearby Saint Joseph's Bay, which contained 13 
ind. m-2 in Thalassia testudinwn areas (Bed-
dingfield and McClintock, 2000). The Saint 
Andrew Bay population of L. variegatus could 
easily be adversely affected by changes in abi-
otic factors, particularly salinity, because shal-
low-water populations of L. variegatus are sub-
ject to multiple disturbances by abiotic factors 
(reviewed by Watts et al., 2001). It appears that 
after mass mortality the population recovered 
through immigration rather than through re-
cruitment, as found for a Brazilian population 
(Junqueira et al., 1997). 
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